Introduction
Allium hookeri (a member of the Allium genus) is primarily cultivated for traditional medicinal use in southeastern Asia (1) . A. hookeri was recently introduced to South Korea, and A. hookeri root (AHR) has been used in spices for foods, such as salads, yogurt, and kimchi, due to its unique flavor derived from cysteine compounds, such as alliin, methiin, isoalliin, propiin, and allicin (2) (3) (4) . Many members of the Allium genus, such as garlic, leek, onion, and welsh onion, are generally recognized as rich sources of bioactive sulfur and phenolic compounds (5, 6) . It has also been reported that AHR has various functional characteristics, including antioxidant, anti-inflammatory, and antidiabetic effects (6) (7) (8) .
The steam-drying process using high temperatures and/or pressure is a useful technique to ensure a safe, high-quality, and functional product due to the removal of water and the death of microorganisms (9, 10) . In a previous study, it was found that the steam-drying process could be used as an effective process to increase the antioxidant activity of AHR (11) . The differences in antioxidant activities between AHR and steam-dried AHR result from changes in the chemical composition, including changes in phenolic compounds, acids, sugars, browning products, and sulfur compounds, in AHR during repeated steam-drying (9) (10) (11) . The contents and composition of flavor compounds are important factors related to the sensory characteristics of food during ripening, storage, and cooking (12) .
There have been a few studies that have shown that thermally processed members of the Allium genus have lower volatile flavor compound contents than the original state (13, 14) . However, to the best of the author's knowledge, there is no published report on the contents or composition of volatile flavor compounds in AHR and steam-dried AHR. Therefore, the goal of this study was to investigate changes in volatile compounds in AHR during the steam-drying process.
Materials and Methods
Sample preparation including drying process Fresh AHR (200 kg) was purchased from a Hanam farm located at Sunchang-gun (Jeollabuk-do, Korea) in February 2015 and was hot air-dried for 12 h at 60°C after the removal of leaves. Hot air-dried AHRs (300 g) were steamed at 100 o C for 4 h and then dried at 60 o C for 8 h. These steam-drying procedures were repeated two and four times, respectively. The final products were air-dried at 30 o C for 24 h. Hot air-dried AHR was used as a control.
Steam-drying was performed using a steamer (HD-300; Hyundaetotal Co. Ltd., Gimpo, Korea) and an autoclave (BF-60AC; Biofree Co. Ltd., Bucheon, Korea). All AHRs were ground using a stainless roller (Shinpoong Eng. Ltd., Gwangju, Korea), passed through a 250 µm sieve. Vacuum-packed AHR powders were stored in a deep freezer at −20 o C until use.
Chemicals Diethylether, n-heptadecane, n-pentane, and n-alkanes (C ) were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). All other reagents were of analytical grade. Purified water was generated with a Milli Q water purification system (Millipore, Bedford, MA, USA).
Extraction and isolation of volatile compounds
The volatile compounds present in AHR were extracted using a Likens-Nickersontype apparatus (Kontes, Vineland, NJ, USA) for simultaneous steam distillation and extraction (SDE). Gas chromatography/mass spectrometry (GC/MS) was performed on a Agilent 7890 Series gas chromatograph directly coupled to an Agilent 7000 series mass spectrometer (Agilent Technologies, Santa Clara, CA, USA) in the EI (electron impact ionization) scan mode. Ground sample (70 g) was added to 1 L of purified water. The slurry was extracted using 45 mL of n-pentane/diethylether (1:1, v/v) mixture for 2 h under atmospheric pressure. The volatile compounds were extracted using a simultaneous steam distillation and extraction (SDE) apparatus of the Likens and Nikerson type, as modified by Schultz et al. (15, 16) . The extract was concentrated to 1 mL using a mild stream of nitrogen gas (99.99% purity). n-Heptadecane (5 mL) was added to the slurry as an internal standard for GC/MS analysis.
Identification and quantitative analysis of volatile compounds by GC/MS Volatile compounds were separated and identified using a GC/MS equipped with a ZB-5MS capillary column (60 m×0.25 mm i.d., 0.25 µm thickness; Phenomenex Inc., Torrance, CA, USA). The ionizing energy and ion source temperature of the mass selective detector were 70 eV and 220 Helium was used as the carrier gas at a constant flow rate of 1 mL/ min and the sample was injection volume of 1 µL using a 1:20 split ratio.
Retention index was used as parameter for checking of a solute from chromatogram by comparing the retention time of standard nalkanes (C ) as external references. The separated peaks of the total ion chromatogram (TIC) were identified using a combination of our own mass spectra data; three mass spectrum libraries, including FFNSC 2.0, NIST 9.0 and Wiley 8.0; a mass spectral data book (17, 18) ; and the retention index of reference data (19) . The content of volatile compounds in the sample was analyzed in duplicate and calculated using the following formula:
Peak area of each compound in the sample = Peak area of n-heptadecane x Weight of sample (g) ×1,000
Results and Discussion
Composition of volatile compounds in AHR The contents and functional groups of volatile compounds identified with GC/MS analysis are listed in Tables 1 and 2 Our results are similar to those in a previous report, where sulfurcontaining compounds (95.1%), including diallyl trisulfide (36.6%), diallyl disulfide (35.8%), allyl methyl trisulfide (6.0%), methyl propyl trisulfide (3.6%), and allyl methyl disulfide (2.6%), were presented as the dominant volatile compounds in dried garlic (20) . Lee et al. (21) reported that sulfur-containing compounds were the major volatile compounds in domestic onions, accounting for 62.6-80.3% of the total volatiles.
Changes in volatile compounds in AHR as a result of the steamdrying process The GC-MS chromatogram of volatile compounds in AHR and steam-dried AHR are shown in Fig. 1 . The volatile compounds and peak intensities in AHR were clearly higher than those in steam-dried AHR. The number and content of volatile compounds in two and four times steam-dried AHR decreased from 6 to 12 and from 92.2 to 94.4% compared to those present in AHR, respectively. These data demonstrate that the number and amounts of volatile compounds decreased with increasing steam-dried cycle. In steam-dried AHR, sulfur-containing compounds and aldehydes were the dominant volatile compounds detected. When the two and four times stream-dried AHR were compared, sulfur-containing compounds (64.1 and 37.4%), including dimethyl trisulfide (20.8 and 12.3%), methyl propyl trisulfide (9.6 and 5.4%), and allyl methyl trisulfide (9.2 and 5.0%), were detected as the major volatile compounds, respectively. Aldehydes (19.3 and 45.4%), including furfural (11.2 and 31.9%), 3-methyl butanal (2.3 and 2.8%), and Retention indices were determined using n-alkanes (C ) as external references.
)
MS and RI were determined volatile compounds by mass spectra and retention index, respectively.
Values are mean±SD (n=2).
Hyphen was indicated as not detected.
benzene acetaldehyde (2.7 and 2.6%), were the second most dominant types of volatile compounds. The two dominant volatile compounds decreased from 19.3-to 46.6-fold for sulfur-containing compounds as a result of the steam-drying process, whereas aldehydes increased from 1.7-to 2.8-fold compared to those in AHR. These results indicate that steam drying is a good processing method to apply to AHR used in food manufacturing, because of the reduction in sulfurcontaining compounds, which cause undesirable and spicy flavors, Values are mean±SD (n=2).
and the increase in aldehydes, such as furfural and 5-methyl furfural, which provide a sweet flavor (22, 23) . In addition, Woo et al. (24) reported that the sulfur-containing compounds found in garlic changed from di-or tri-sulfur compounds to mono-sulfur compounds upon thermal processing.
In conclusion, the steam-drying process of AHR resulted in important changes in sulfur-containing compounds and aldehydes among the volatiles. In addition, our results represent the first report of the comparison of the volatile compounds obtained from AHR and steam-dried AHR.
